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(54) LAMINATED HIGH-POLYMER ACTUATOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a laminated 
high-polymer actuator, which improves its output 
pressure and makes significant expansion of the 
applicable range, reducing little displacement volume. 
SOLUTION: The laminated high-polymer actuator is 
made by laminating a plurality of high-polymer actuator 
elements 1 having each an ion-exchange- resinH^ormed 
board 1 A, which can be bent and deformed by applying a 
potential difference between electrodes 1 B and 1 B, via a 
plurality of electrical insulation layers 2; and is 
constituted of the actuator elements 1 . whose bending 
and deforming is operable in a same direction, by 
applying voltage to the electrodes 1 B of each high- 
polymer actuator element 1 , severally and at the same 
time. 
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CLAIMS 

[Claim(s)] 

[Claim 1] It consists of an electrode joined to the ion-exchange-resin shaping plate by the front 
flesh-side both sides at the mutual insulation condition. The laminating of the plurality of the 
giant-molecule actuator component which enabled generating of a curve and deformation is 
carried out to an ion-exchange-resin shaping plate through an electric insulation layer by 
applying the potential difference to inter-electrode in the moisture state of an ion-exchange- 
resin shaping plate, the electrode of each giant-molecule actuator component of these plurality 
— each — another and the laminating mold giant-molecule actuator characterized by impressing 
an electrical potential difference to coincidence and constituting two or more giant-molecule 
actuator components possible [ a curve and deformation actuation ] in the same direction. 
[Claim 2] The laminating mold giant-molecule actuator according to claim 1 with which the 
above-mentioned electric insulation layer consists of supple rubber or resin sheets. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating mold giant-molecule actuator 
constituted using the giant-molecule actuator component it was made to make this ion- 
exchange-resin shaping plate produce a curve and deformation by applying the potential 
difference to an ion-exchange-resin shaping plate by the moisture state. 
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[0002} ^ ' • 

[Description of the Prior Art] The giant-molecule actuator component has many properties, as it 
said that the amount of lightweight small and displacement big [ it being not only cheap, but 
excelling in responsibility, a resistance to environment, etc. ] by the low battery was obtained 
compared with small actuators, such as an electrostatic suction mold known from old, a piezo- 
electric mold, an ultrasonic type, a shape memory alloy type, and a giant-molecule flexible type. 
The technique of utilizing a giant-molecule actuator component as a movable element of 
medical-application instruments, such as for example, a catheter for blood vessel insertion and 
induction of an endoscope, is conventionally proposed as indicated by JP,6-6991,A, JP,8- 
10336 A, etc. paying attention to the property of such a giant-molecule actuator. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the giant-molecule actuator component 
used conventionally Like the movable partition film in the liquid filled system vibration isolator 
used for the engine mount for automobiles etc. since the output pressure (force produced in a 
field) is small considering the amount of displacement Though it remained as it is to the movable 
element on which an always big load acts in a use mode, and the movable element which needs 
to resist a load and needs to be operated, and it could not use for it, therefore it had many 
properties like previous statement, the applicability was restrained naturally. 
[0004] Also although it is possible to use a large thing thick as an ion-exchange resin shaping 
plate which is the main component of a giant-molecule actuator component as the solution 
means, to carry out the laminating of two or more giant-molecule actuator components simply, 
etc. Even if a thing with a thickness of about 300 micrometers is max and it uses the lONA 
exchange resin shaping plate of the maximum thickness as an existing ion-exchange-resin 
shaping plate, an output pressure which leads to expansion of applicability is not obtained. 
Moreover, in what carried out the laminating simply, resistance increases, it may decrease 
extremely or the problem of the amount of displacement not carrying out displacement actuation 
at all may be generated. 

[0005] This invention aims at offering the laminating mold giant-molecule actuator which can 
improve an output pressure and can aim at remarkable expansion of applicability, without having 
been made in view of the above-mentioned actual condition, and falling most amounts of 
displacement. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the laminating 
mold giant-molecule actuator concerning this invention It consists of an electrode joined to the 
ion-exchange-resin shaping plate by the front flesh-side both sides at the mutual insulation 
condition. The laminating of the plurality of the giant-molecule actuator component which 
enabled generating of a curve and deformation is carried out to an ion-exchange-resin shaping 
plate through an electric insulation layer by applying the potential difference to inter-electrode in 
the moisture state of an ion-exchange-resin shaping plate, the electrode of each giant-molecule 
actuator component of these plurality — each — they are another and the thing characterized 
by impressing an electrical potential difference to coincidence and constituting two or more 
giant-molecule actuator components possible [ a curve and deformation actuation ] in the same 
direction. 

[0007] the electrode of two or more giant-molecule actuator components of each, by which the 
laminating was carried out on both sides of the electric insulation layer according to this 
invention of the above-mentioned configuration, — each — another and by impressing an 
electrical potential difference to coincidence and making the ion-exchange-resin shaping plate of 
the giant-molecule actuator component of these plurality curve and transform in the same 
direction Improvement in the output pressure as the whole actuator can be aimed at by the total 
of the output pressure of two or more giant-molecule actuator components, there being no 
reduction of the amount of displacement accompanying increase of resistance, and maintaining 
the almost predetermined amount of displacement. It is possible for an always big load to act in a 
use mode, or to be able to use also for the movable element with which the high output pressure 
which said that it was necessary resist a load and to make it operate is demanded, and to attain 
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expansion-iiation of the applicability by this. In addition, about the improvement result of the 
output pressure of the laminating mold giant-molecule actuator concerning this invention, it 
clarifies in the example of a trial mentioned later. 

[0008] In the above-mentioned laminating mold giant-molecule actuator, it is desirable to use 
resin sheets, such as rubber according to claim 2 which is [ like ] supple or polyethylene (RE), 
and polypropylene, as an electric insulation layer made to intervene between the laminatings of 
two or more giant-molecule actuator components. The rubber or the resin sheet with such 
flexibility will carry out curve deformation smoothly, without following the curve of each giant- 
molecule actuator component, and deformation actuation, and giving mechanical resistance, and 
can attain certainly a high increase in power as the whole giant-molecule actuator. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on a drawing. Drawing 1 is the block diagram of the laminating mold giant-molecule 
actuator concerning this invention, and this laminating mold giant-molecule actuator A comes to 
carry out the laminating of giant-molecule actuator component 1 — [ two or more (although 
three pieces show on a drawing, what is necessary is just two or more pieces) ] through electric 
insulation layer 2 — which consists of resin sheets, such as supple rubber sheet or RE, and PP. 
[0010] lon-exchange-resin shaping plate 1A constituted from an electrolyte ingredient by long 
and slender rectangle plate-like so that each giant-molecule actuator component 1 might be 
specified in drawing 2 . While having the electrodes IB and IB mutually joined and formed in 
front flesh-side both sides of this ion-exchange-resin shaping plate 1A in the electric insulation 
condition and connecting the end section of the lead wire 3 and 3 of a pair to Electrodes 1 B and 
IB, respectively By connecting the power source 4 through the switch 6 between the other end 
of each lead wire 3 and 3, impressing an electrical potential difference to Electrodes IB and IB 
in the moisture state of ion-exchange-resin shaping plate 1A. and applying the potential 
difference between two-electrodes IB and IB It is constituted in order to generate a curve and 
deformation as made the moisture content by the side of both sides produce a difference in 
migration of the water molecule accompanying the migration by the side of the cathode (one 
electrode IB) of the cation in ion-exchange-resin shaping plate 1A and shown in the imaginary 
line of drawing 2 . 

[001 1] In the laminating mold giant-molecule actuator A which comes to carry out the laminating 
of two or more giant-molecule actuator component 1 — of a configuration like the above 
through electric insulation layer 2 — each electrode 1 B of each giant-molecule actuator 
component 1 — , and IB — switch 6 — and power-source 4 — minding — each — each giant- 
molecule actuator component 1 — . as the electrical potential difference independently same to 
coincidence is impressed and it is shown in the imaginary line of drawing 1 They are two or more 
giant-molecule actuator components 1, without curving in the same direction and inviting most 
falls of the amount of displacement accompanying increase of resistance to it by carrying out 
deformation actuation. — Improvement in the output pressure as the whole laminating mold 
giant-molecule actuator A can be aimed at by the total of an output pressure. 
[0012] Hereafter, the example of a trial which this invention person performed is explained about 
the output pressure of the laminating mold giant-molecule actuator concerning this invention. 
It is Li+ considering gold plate as a multiple-times deed and counter ion to sample offering 
sample NAFION-117 (product made from Du Pont). The used giant-molecule actuator 
component is used. The giant-molecule actuator component of 2 or 2 examples of a comparison 
for that to which this giant-molecule actuator component carried out the laminating of the giant- 
molecule actuator component of 1 or 2 examples of a comparison for the thing of a monolayer 
simply among them The polyethylene film used as an electric insulation layer It fixes with a 
double-sided tape and what carried out [ fixed / with the double-sided tape ] the laminating of 
the polyethylene film which serves as an electric insulation layer, respectively between the 
components which adjoin the giant-molecule actuator component of 1 or 3 examples of this 
invention article in what carried out the laminating is made into the example 2 of this invention 
article. 

As a giant-molecule actuator component of a sample size single, die-length L uses 35mm and 
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the thing IGhim and whose thickness t width efface w is 0.2mm. 

[0013] As shown in the measuring method and measuring device drawing 3 of an output 
pressure, cantilever immobilization of the end section 10a of each sample offering sample 10 
equivalent to the examples 1 and 2 of a comparison and examples 1 and 2 is carried out through 
a fixture 1 1. By this, the die length x from 25mm and a fixed support to point of measurement 
MP is set to 20mm by the die length LI of an actual free operating range of each sample offering 
sample 10. The electrical potential difference of 10V is impressed to the sample offering sample 
10 from that fixed part side in this condition, a random wave is inputted, excitation of the free 
edge 10b of the sample offering sample 10 is carried out up and down, and it asks for the 
resonance angular frequency omega corresponding to the primary oscillatory type corresponding 
to a resonance peak with the lowest frequency from the behavior of that vibration. Moreover, 
amount of displacement deltamax at the tip of free edge 10b of the sample offering sample 10 is 
calculated from the behavior of the above-mentioned vibration. This amount of displacement 
deltamax analyzed the dynamic image photoed with the CCD camera, or although it was also 
possible to have asked by direct or approximation from the measured value which used the laser 
displacement gage, the following calculation approach that the highest precision was acquired in 
an exam was used for it. That is, amount of displacement deltamax is computed by the following 
formula (1) from the amount delta x of displacement in point of measurement MP, and the die 
length X from a fixed support to point of measurement MP. 
delta max=delta x-Wx/WL1 .... (1) 

{ — the variation rate at the point of measurement MP computed here from the formula to which 
Wx/WLI expresses the primary normal vibration form of a cantilever, and the tip of free edge 
10b — it is obtained by calculating Wx and WL1 by expressing the ratio of an amount and this 
Wx/WLI substituting (x/LI) (LI /LI) for xi of the following formula (2), and asking for a ratio. } 
[0014] 

W= (cos lambda+coshlambda) (sin lambda xi-sinhlambdaxi) 
- Sin lambda+sinhlambda (cos lambda xi-sinhlambdaxi) .... (2) 

[0015] Next, a modulus of longitudinal elasticity E is computed by the following formula (3) from 
the resonance angular frequency omega for which it asked as mentioned above, and a known 
value. 

E=omega 2 rhoA/(a4 I) .... (3) 

{ — here — in the consistency of a sample offering sample, and A. the cross section (wxt) of free 
edge 10a and a express lambda/L 1 (lambda is the primary nondimensional frequency of a 
cantilever, LI is the die length of free edge 10a. and since lambda is the primary nondimensional 
frequency of a cantilever, it is set to a= 1.875 / LI), and I expresses [ omega / resonance 
angular frequency and rho ] the cross-section second moment of free edge 10a. 
[0016] A full load W is computed by the following formula (4) from the modulus of longitudinal 
elasticity E computed by the above-mentioned formula (3), and amount of displacement deltamax 
computed by the formula (1). 
W=deltamax-EI/(beta-L 1 3) .... (4) 

{ — here, in I, the cross-section second moment of free edge 10a and beta express (one eighth), 
and LI expresses the die length of free edge 1 0a. } 

[0017] The pressure per input, i.e., an output pressure, is computed by **(ing) the full load W 
computed by the above-mentioned formula (4) in area (Lixw), searching for the load per unit 
area and **(ing) the load per the unit area with input voltage (10V). 

[0018] When the output pressure about each sample offering sample of the examples 1 and 2 of 
a comparison and examples 1 and 2 was computed using a measuring method and a measuring 
device which were described above, the result as shown in the next table 1 was obtained. 
[0019] 
[Table 1] 



JP-A-2002-330598 



Page 6 









0. 0 3 17 


itttn2 


0. 0 4 13 




0. 0 8 7 3 


nmm2 


0. 15 5 1 



[0020] From the result of the output pressure of Table 1 to example of comparison 2 (simple 
laminating) / example 1 (monolayer) of a comparison = As opposed to stopping at improvement 
in an about 1 .3 times as many output pressure as this example 1 (insulating laminating of two 
sheets) / example of comparison 1 (monolayer) = about 3 time example 2 (insulating laminating of 
three sheets) / comparison — about [ example 1 (monolayer) = about 5 time example 1 
(insulating laminating of two sheets) / / example of comparison 2(simple laminating) = ] — 2 
double examples 2 (insulating laminating of three sheets) / example of a comparison — 
improvement in a 2 (simple laminating) = about 4 times as many output pressure as this Being 
obtained was checked. 
[0021] 

[Effect of the Invention] As mentioned above, according to this invention according to claim 1 to 
2. on both sides of an electric insulation layer, the laminating of two or more giant-molecule 
actuator components is carried out. Small and cheap the electrode of each giant-molecule 
actuator component of these plurality — each — by considering as the configuration which 
impresses an electrical potential difference to coincidence, another and the place which a giant- 
molecule actuator component has essentially are lightweight — The output pressure as the 
whole actuator can be improved remarkably, there being also no reduction of the amount of 
displacement accompanying increase of the resistance which is seen in the case of a simple 
laminating, and maintaining the predetermined amount of displacement, while maintaining the 
outstanding properties, such as power-saving, responsibility, and a resistance to environment. 
Therefore, in a use mode, an always big load acts like the movable partition film in the liquid filled 
system vibration isolator used for the engine mount for automobiles etc., or it can use effectively 
also for the movable element with which the high output pressure which said that it was 
necessary resist a load and to make it operate is demanded, and the effectiveness that 
remarkable expansion-ization of the applicability can be attained is done so. 
[0022] Especially, as an electric insulation layer, without following an electric insulation layer at 
the curve of each giant-molecule actuator component, and deformation actuation, and giving 
mechanical resistance, by using the rubber or the resin sheet according to claim 2 which is 
[ like ] supple, it is possible to carry out curve deformation smoothly, and a high increase in 
power as the whole laminating mold giant-molecule actuator can be attained certainly. 
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[Brief Description of the Drawings] 

FDrawing 1] It is the outline sectional view showing the configuration of the laminating mold 
giant-molecule actuator concerning this invention. 

[Drawing 2] It is the sectional view of a giant-molecule actuator component. 

[Drawing 3] It is the outline perspective view which explains the measuring method and 

measuring device of an output pressure of each sample offering sample among the examples of a 

trial performed about each example of a laminating mold giant-molecule actuator and example of 

a comparison concerning this invention. 

[Description of Notations] 

1 Giant-Molecule Actuator Component 
1A lon-exchange-resin shaping plate 

1 B Electrode 

2 Electric Insulation Layer 

3 Lead Wire 

4 Power Source 

A Laminating mold giant-molecule actuator 



[Translation done.] 
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